Characterizing habitat use is a key component to quantifying the niche, ecological interactions, and conservation needs of a species. Habitat selection is the disproportionate use of habitat types, whereby animals select higherquality habitats within a landscape mosaic. For insectivorous bats, selection of foraging habitat is likely due to variation between habitat types in the distribution and abundance of prey, as well as differences in how effectively bats can move through, and forage in, different landscapes. Due to their cryptic nature and rapid nocturnal flight, detailed knowledge about fine-scale habitat selection of bat species is lacking. We used datalogging telemetry receivers to assess selection of foraging habitat by the little brown bat, Myotis lucifugus, in the Badlands and Missouri River Valley of North Dakota. Bats were captured at maternity roosts, fitted with radiotransmitters, and tracked for 11 nights at each site. Habitat selection was assessed based on selection ratios of used and available proportions of habitat, which were characterized in terms of both composition and structure. Eigenanalysis of selection ratios was used to further evaluate individual variation in habitat selection. Foraging female M. lucifugus primarily selected edge habitats and nearby water sources. Pregnant bats selected edges bordering grass or herbaceous habitats. Lactating bats selected water and edge habitat within close proximity to the roost. Selection of nearby water resources by lactating bats under the constraints of nursing is consistent with previous studies. While there were ecologically consistent trends across bats, individuals varied in some aspects of their habitat selection.
For effective conservation and management of wildlife populations, detailed information is needed about habitat use of a species. This information is also key for understanding ecological interactions and evolutionary implications of species' behavior. Habitat composition and structure are important components of ecological niches and foraging behavior (Arlettaz 1999; Sattler et al. 2007 ). Here, we define habitat composition as categorical land cover attributes (e.g., evergreen forest, grassland) and habitat structure as a description of vegetation density (e.g., cluttered forest, edge or gap, or open habitat) or canopy cover. Measures of habitat use in terms of composition or structure are particularly valuable for assessing the importance of specific habitat types or conditions to a given species.
Habitat composition plays a key role in the distribution of insect prey and foraging strategies of bats, as well as the partitioning of resources by sympatric bat species (Arlettaz 1999; Bergeson et al. 2013) . For example, Arlettaz (1999) found that sympatric sister species, Myotis myotis and Myotis blythii, spatially segregate when foraging based on differences in habitat requirements of preferred prey. Similarly, Bergeson et al. (2013) found that sympatric Myotis sodalis and Myotis lucifugus partition foraging resources behaviorally and through variation in selection of land cover.
In addition to habitat composition, habitat structure has also been studied in bats, with a strong focus on understanding how morphological features and physiological states of a given species impact the type of habitat structure in which they are primarily found. For example, Kalcounis and Brigham (1995) found that heavier M. lucifugus with greater wing loading foraged in lower-clutter habitat. Similarly, Adams (1996) found that juvenile M. lucifugus with higher wing aspect ratios and lower wing loading exploit more diverse and cluttered habitat compared to other juveniles. Further, a large body of work has focused on classifying bats into functional groups based on NELSON AND GILLAM-HABITAT SELECTION BY LITTLE BROWN BATS 223 echolocation call structure, morphology, and flight behavior as they correlate with habitat structure and habitat use (Aldridge and Rautenbach 1987; Schnitzler and Kalko 2001; Schnitzler et al. 2003) . However, resource use may not be predictable by echolocation or morphology alone (Arlettaz 1999; DavidsonWatts et al. 2006) , and combining data for such functional groups, guilds, or even sexes may yield ambiguous or spurious results in studies of selection (Broders et al. 2006) . Overall, studies of habitat use by bats are abundant in the ecological literature, yet detailed habitat characterizations are often limited, and knowledge of foraging habitat selection of many bat species is lacking.
Habitat selection is the decision-making process through which animals choose resources relative to their availability or accessibility (Johnson 1980; Garshelis 2000) . It is presumed that species should select habitats that best meet their ecological and behavioral needs. A variety of study designs have been developed to investigate habitat selection (Garshelis 2000; Manly et al. 2002) . The use-availability design identifies habitat selection as occurring when habitats are used disproportionately to their availability (Garshelis 2000; Manly et al. 2002) . A significant challenge in habitat selection studies is defining habitats so that they are ecologically relevant and appropriately partitioned so that selection can be measured for a given species (Garshelis 2000) .
The volant, nocturnal nature and relatively small size of bats make them particularly problematic for assessing habitat selection (Henry et al. 2002; Gannon et al. 2003) . With recent advances in spatial analysis of habitat via GIS, habitat selection studies have progressed. However, the majority of such research on bats includes limited habitat characterizations, using only land cover attributes available in GIS datasets, which are not necessarily reflective of habitat structures that are important to foraging bats. Also, such GIS land cover datasets typically represent coarse landscape features that may lack the detail required for ecologically meaningful assessments of habitat use (Brambilla et al. 2009 ). Fewer studies have incorporated habitat structure, with those studies generally separating analysis of habitat structure from composition (Napal et al. 2010 (Napal et al. , 2013 Buckley et al. 2013; Arrizabalaga-Escudero et al. 2014; Ripperger et al. 2015) . Further, most studies do not evaluate individual variation in habitat selection (Hillen et al. 2011) , and therefore selection may not be detectable at the population level if individuals or sexes exhibit alternative selection strategies (Garshelis 2000) .
The goal of this study was to assess selection of foraging habitat by pregnant and lactating female little brown bats, M. lucifugus. We radiotracked bats using autonomous telemetry data-logging receivers, which allow for simultaneous, long-term data collection on multiple bats with minimal researcher input. While this type of autonomous telemetry has been used to assess bat migration (McGuire et al. 2012 ) and various aspects of spatial ecology in other taxa (Bridger et al. 2001; Drewe et al. 2012; Ryder et al. 2012) , it has not previously been used to study habitat selection by bats. Our specific objectives were to: 1) assess selection of foraging habitat by M. lucifugus in terms of habitat composition and structure in tandem, and 2) assess individual variation in habitat selection by M. lucifugus.
Materials and Methods
Study species.-The little brown bat is an insectivorous bat (6-11 g-van Zyll deJong 1985) widely distributed throughout most of North America (Fenton and Barclay 1980) . M. lucifugus feed on a variety of small insects (3-10 mm long- Anthony and Kunz 1977) , often in cluttered habitats near or over water (Fenton and Bell 1979; Fenton and Barclay 1980; Kalcounis and Brigham 1995; Adams 1996; Adams and Thibault 2006) . Maternity colonies vary in size, ranging from a few to over a thousand individuals. Roosts are often found in man-made structures such as old buildings (Fenton and Barclay 1980; Anthony et al. 1981) , and are usually near bodies of water (Kunz et al. 1995) .
Study sites.-Data were collected at 2 nursery colonies of M. lucifugus: 1) a picnic shelter in the North Unit of Theodore Roosevelt National Park (TRNP; 47°35′41.72″N, 103°20′11.79″W), North Dakota, United States, containing ~50 adult female bats, and 2) a bat house at Cross Ranch State Park (CRSP; 47°12′44.07″N, 100°59′57.87″W), North Dakota, United States, containing ~40 adult female bats. The TRNP site consisted of cottonwood (Populus deltoides) dominated riparian forest surrounded by badlands. The CRSP site consisted of cottonwood-dominated riparian forest surrounded by upland prairie, pasture, and agricultural fields. The habitat of both sites was relatively similar in composition and structure at the scale of sampling in this study. Sites were approximately 112 miles apart and were selected based on previous work identifying these areas as sites of higher abundance of M. lucifugus in North Dakota (Nelson et al. 2015) .
Telemetry.-Bats were captured using mist nets (Kunz and Parsons 2009 ) placed at roost entrances. The species, sex, age, mass, and forearm length were assessed for all captured animals. Trapping and tracking of bats was avoided around the time parturition was expected, which occurs mid-late June to early July (Farrrell and Studier 1973; Barclay 1982; Kunz et al. 1983) . Bats selected for radiotracking were fitted with digitally encoded transmitters (Lotek NTQB-1 Nano Tags, Lotek Wireless Inc., Newmarket, Ontario, Canada) attached to trimmed mid-dorsal hair over the scapulae using surgical skin adhesive. Each transmitter has a unique digital identification (ID) signature, although all transmitters emit the same frequency; this allows for simultaneous monitoring of multiple transmitters, which is not possible with traditional radiotelemetry systems. Transmitters weighed 0.29 g (< 5% of the bat's body mass- Aldridge and Brigham 1988) and had a pulse rate of 2 s, resulting in a battery life of approximately 12 days.
Upon release, bats were tracked using a telemetry array of 3 automated receiving towers. Each tower consisted of a datalogging receiver (SRX DL, Lotek Wireless Inc.) connected to an antenna tower affixed with a pair of 5-element Yagi antennas raised ~5 m in the air. Antennas were monitored on alternating 4-s cycles, which ensures detection if transmitters are within detectable range. The data loggers continuously recorded all transmitter detections and logged the transmitter ID, date and time of detection, antenna number, and signal strength. Calibration tests of line-of-sight detection gave a maximum detection range of approximately 400 m in the direction an individual antenna was oriented and 150 m to the side and rear. Telemetry arrays were strategically positioned so that the sampling range encompassed as much of the available area near the roost as possible. Each antenna was oriented to monitor a separate portion of the sampling area, although some overlap occurred (Fig. 1) . To ensure continuous monitoring, the operational status of each data logger was regularly checked and data from periods of time when batteries failed were excluded from analysis.
All research on live animals followed guidelines for the use of wild mammals in research approved by the American Society of Mammalogists (Sikes et al. 2011) and was approved by the North Dakota State University Institutional Animal Care and Use Committee (Protocol # A15032).
Habitat selection.-Locations of data loggers and antenna detection ranges were mapped using GIS (ArcMap, ArcGIS version 10.3). Habitat types were designated using 20 categories based on habitat composition and structure (Table 1) . Habitat within detection range was manually digitized as a set of polygons using georeferenced aerial imagery corroborated by manual inspection of habitats done during sampling (Fig. 1) . From these data, the proportional area of each habitat type within each antenna's sampling range could be determined. Telemetry data were filtered to only include detections during a window of 2 h after sunset, as this corresponds with the primary peak in foraging activity of M. lucifugus (Anthony and Kunz 1977; Anthony et al. 1981; Henry et al. 2002) . We assumed that animals were selected independently with equal probability from a single population. Therefore, the animals can provide the needed replication to make inferences at the population level without concern for autocorrelation of location estimates (Otis and White 1999) .
Because the exact location of a bat within an antenna's sampling range cannot be accurately determined, habitat use was assigned by dividing the number of detections for an antenna proportionally among the habitats available within that sampling range. The counts per habitat were then summarized across all of the antennas as a representation of habitat use for that bat. The drawback of this method is that the strength of relative selection for or against any particular habitat type is diminished because habitat use is inevitably assigned to habitat types that may not actually be used, but are co-located with habitat types for which there is positive selection. Despite this feature, selection is still detectable as long as the proportions of habitat are not uniform across all antenna sampling ranges. An additional complicating factor is that the antenna sampling ranges had some level of overlap, especially antennas attached to the same data logger. The nature of the detection system means that bats cannot be simultaneously detected on shared antennas, as the data logger systematically switches between monitoring each of the antennas individually. Hence, a bat's location cannot be confidently narrowed down to the overlapped habitat, and habitat use can only be assigned to each antenna individually. To address this issue, we used the proportions of habitat within each individual antenna's sampling range, summarized across all antennas, as the available habitat for analysis.
To assess habitat selection, selection ratios (w i ) of used versus available habitat were calculated (Manly et al. 2002) . In the absence of selection, a ratio equal to 1 is expected, while selection ratios greater than 1 reflect positive selection for that habitat. Habitats are subsequently ranked according to their selection ratio. There are 3 types of use-availability designs for assessing habitat selection: design I = animals are pooled and habitat use and availability are measured at the population level; design II = habitat use is measured for each animal and habitat availability is measured at the population level; design III = habitat use and availability are measured for each animal (Manly et al. 2002) . Since bats at each site shared a roost and could potentially share foraging sites, analysis of study design II or III could be applied to our data by simply using the same habitat availability for all animals under the design III framework. We conducted both analyses on our data so that nonrandom habitat use could be tested at both the population and individual level. Following Manly et al. (2002) , chi-square goodness-of-fit tests were used to test for identical use of habitat by all animals, habitat selection by individuals, and independence of habitat use and availability (overall habitat selection). To assess selection of individual habitats, Bonferroni confidence intervals were constructed for individually estimated proportions of habitat use and availability. Pairwise comparisons between selection ratios were then evaluated for statistical significance based on Bonferroni confidence intervals. For all tests, α was set to 0.05, and the confidence intervals were computed at the 95% level. To run all habitat selection analyses, we used the package "adehabitat" for R software (Calenge 2006) with R Studio version 0.98.1028 (RStudio Team 2015) . Because all animals may not exhibit the same patterns of habitat selection, we also analyzed our data at the individual level. To evaluate individual variation in habitat selection, we conducted eigenanalysis of selection ratios (Calenge and Dufour 2006) , which is useful for this purpose when there is a high number of animals and habitat types. This analysis undertakes an additive linear partitioning of the White and Garrott (1990) statistic, maximizing the difference between habitat use and availability on the 1st factorial axis (Calenge and Dufour 2006) . If all animals select the same habitat types, then the majority of variation in selection is explained on the 1st axis. However, when there is high variability in selection, the explained variation is distributed across multiple axes (Calenge and Dufour 2006) . Therefore, variation on 1 factorial axis may reveal differing intensities of selection for the same habitat types, while variation on 2 or more axes may reveal separate modes of selection or that selection strategies differ across animals.
results
Bat captures.-At TRNP, we captured bats on 24 July 2014 and tagged 11 adult female M. lucifugus. We were able to gather sufficient data for analysis of 7 individuals over the subsequent 11 nights. At CRSP, we captured bats on 4 June 2015 and tagged 18 adult female M. lucifugus, with sufficient data being gathered from 17 of these animals over an 11-night period. Given the capture dates combined with visual inspection of the bats and roosts, sampling corresponded with midgestation in CRSP and mid-to late-lactation in TRNP.
Habitat selection.-Tests of overall habitat selection were highly significant under both design II and III frameworks. For simplicity, we report results under design II for the test of overall habitat selection. At both sites, bats did not use habitat in equal proportion to availability (TRNP: χ 2 = 1115.5, d.f. = 98, P < 0.001; CRSP: χ 2 = 20,189.5, d.f. = 306, P < 0.001) and there were significant differences in selection between habitat types (Supplementary Data SD1 and SD2). Only 1 of 24 bats in our study did not exhibit statistically significant habitat selection (bat ML173 from TRNP; χ 2 = 4.6, d.f. = 14, P = 0.09).
In TRNP, bats selected marsh, mixed forest, shrubs, and stream habitat, as well as edge habitat bordering roadways and mowed grass (Fig. 2) . In CRSP, bats showed strong selection of edge habitat bordering un-mowed grass and herb habitat (Fig. 3) . Barren habitat was also selected at both sites but this habitat type likely lacks ecological relevance to bats (see "Discussion"). Despite trends in selection at each site, bats did not exhibit identical use of habitat (TRNP: χ 2 = 305.4, d.f. = 84, P < 0.001; CRSP: χ 2 = 6584.3, d.f. = 288, P < 0.001). Most notably, there was an overall trend toward selection of river and river edge habitat at both TRNP and CRSP, but selection of these habitats was highly variable between individuals (Figs.  2 and 3) . Results of eigenanalysis revealed that the majority of individual variation in habitat selection was accounted for on the 1st factorial axis (79.3% at TRNP and 84.3% at CRSP). Adding a 2nd factor increased the variance explained to 97.6% at TRNP and 99.5% at CRSP. For TRNP, eigenanalysis confirmed the overall trends in habitat selection found in the analysis of selection ratios (Fig. 4) . All but 1 individual bat exhibited similar patterns of habitat selection. However, as previously noted, habitat selection by this individual (bat ML173) was not significant (Fig. 5) . As confirmed by individual selection ratios (Fig. 5) , eigenanalysis showed that the remaining bats exhibited varying intensities of selection between river, water edge, corridor, and stream habitats (Fig. 4) . Specifically, most individuals selected stream habitat but 2 individuals did not select the river and corridor habitats (Fig. 5) .
Similarly, for CRSP, eigenanalysis confirmed the overall trends in selection found in the analysis of selection ratios and revealed variation among individuals in selection of river, water edge, and corridor habitat (Fig. 6 ). All bats selected grass and herb edge habitat. The majority of bats (14 individuals) selected the river and its associated edge habitat. However, as confirmed by individual selection ratios (Fig. 7) , 3 individuals strongly selected corridor and used the river and water edge in lesser proportion than available, resulting in the division across axes seen in the eigenanalysis (Fig. 6) .
discussion
Bats at both TRNP and CRSP exhibited selection of edge habitats as well as selection (with significant variation) of the river and its associated edge habitat. Barren habitat was also positively selected; however, in TRNP, this habitat was spatially limited and roughly equally distributed between portions of the river embankment and sand bars, and bluff faces (Fig. 1A) while in CRSP this habitat was limited solely to small portions of the river embankment (Fig. 1B) . Therefore, selection of barren habitat is likely attributed to its association with other positively selected habitats, such as the river.
In TRNP, selection of marsh and shrub habitat seemed initially counter-intuitive, but inspection of the spatial distribution of these habitat types provides insight into this pattern. The majority of these habitats were spatially associated with a portion of the stream. Together, the marsh and stream habitats represent the water sources closest to the roost in TRNP. The relatively weaker selection of stream habitat may also be explained by its spatial distribution. Specifically, the primary stream passes through roughly one-half of the sampling area, so measurable selection for this habitat type may have been limited by its relative abundance across less-used portions of the sampling area.
Patterns of selection at TRNP may be at least partially attributed to the reproductive condition of bats at the time of study. During sampling, ~2-week-old pups were captured at the roost, and the sampling date corresponds to mid-to-late lactation (Farrrell and Studier 1973; Fenton and Barclay 1980; Anthony et al. 1981; Henry et al. 2002) . Energy demands are highest during lactation for M. lucifugus (Fenton and Barclay 1980; Kurta et al. 1989a; Kunz et al. 1995) and lactation represents a substantial strain on maintaining water balance (Kurta et al. 1989b; Kunz et al. 1995) . Also, M. lucifugus exhibit a substantial decrease in home range size during lactation (~50%), making frequent trips back to the roost to nurse (Barclay 1982; Henry et al. 2002) . Given that aquatic habitats provide not only drinking water but a high abundance of insect prey that M. lucifugus regularly exploit (Anthony and Kunz 1977; Fenton and Bell 1979; Fenton and Barclay 1980) , it is not surprising that lactating M. lucifugus in our study selected such habitat in close proximity to the maternity roost.
In contrast with CRSP, bats in TRNP selected edge bordering roads or mowed grass. In TRNP, the campground roads and mowed camp sites have formed notably more edge habitat (of this type), relative to CRSP, in close proximity to the roost. One factor potentially contributing to these selection differences stems from prey availability. Insect control measures are typically conducted in campground areas of CRSP but not in TRNP. This could potentially drive foraging away from campground areas in CRSP, at a time when prey is a limiting factor for pregnant M. lucifugus (Anthony and Kunz 1977; Anthony et al. 1981; Henry et al. 2002) . Despite these differences, bats in TRNP and CRSP clearly exhibited strong selection of edge habitats. Also, bats at both sites selected their respective rivers and associated edge habitats, although individuals exhibited a great deal of variation in selection of these habitats.
Previous studies have investigated variation in habitat use or selection between groups of individuals classified by factors such as age, sex, reproductive condition, or morphology (Aldridge and Rautenbach 1987; Kalcounis and Brigham 1995; Adams 1996; Hillen et al. 2011 ). However, little attention has been paid to variation among individuals (Hillen et al. 2011) . We found that inconsistencies in overall habitat selection can be accounted for by differing intensities of selection of specific habitats. In these cases, differing selection among individuals can be explained by bats using different subsets of ecologically similar habitat. Edge habitats and water resources were strongly selected by M. lucifugus, with variation at the microhabitat scale delineating potential individual preferences for specific edge compositions and water habitats. For example, all bats in CRSP selected grass and herb edge, yet only 3 individuals selected corridor habitat. Also, all bats in TRNP selected water resources, yet 2 individuals selected stream over river while their cohorts used both habitats.
Overall, we found that female M. lucifugus selected edge habitats and water resources, which is consistent with previous observations and findings (Fenton and Bell 1979; Kalcounis and Brigham 1995; Bergeson et al. 2013) . We found that bats exhibited habitat selection on a microhabitat scale when habitats are characterized by both composition and structure in tandem; specifically, not all edge habitats or water resources were selected equally, with the composition of edge habitat influencing patterns of selection. Future studies of habitat selection by bats should consider the relationship between habitat composition and structure to avoid overlooking important microhabitat associations. Further work about habitat selection by male bats, verification of selection differences based upon reproductive state, and individual variation in habitat selection would also be of value for gaining a better understanding of how bats use the landscape.
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suppleMentary data
Supplementary Data SD1.-Habitat type matrix for Theodore Roosevelt National Park (TRNP) in North Dakota, United States, indicating whether a habitat in a given row was selected more or less (sign + or −) than habitats in the corresponding columns. A triple sign (+++, −−−) indicates significant (P < 0.05) selection. Supplementary Data SD2.-Habitat type matrix for Cross Ranch State Park (CRSP) in North Dakota, United States, indicating whether a habitat in a given row was selected more or less (sign + or −) than habitats in the corresponding columns. A triple sign (+++, −−−) indicates significant (P < 0.05) selection.
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